INTRODUCTION
The actinomycetes, especially Streptomyces, are remarkable producers of antibiotics arising from their unlimited capacity to produce secondary metabolites with diverse chemical structures and biological activities. Tens of thousands of such compounds have been isolated and characterized, and many have been developed into drugs for treatment of a wide range of human diseases (Bull et al., 1992; Franco & Coutinho, 1991) . Re-isolation of previously known antibiotics strains is a major problem in new drug discovery. Less well studied organisms such as nonstreptomycete species (rare actinomycetes) provide attractive opportunities for developing new antibiotics. The successful discovery of novel rare actinomycetes needs ecological study of their distribution. New methods for isolating them from diverse habitats and culturing them in the laboratory are needed for such studies because complicated procedures for isolation and cultivation are currently required (Lazzarini et al., 2000) .
Generally, caves are low in nutrients, temperature and light intensity but have high humidity (SchabereiterGurtner et al., 2002) . These factors might encourage the competition which enhances the production of substances such as antibiotics and hydrolytic enzymes that inhibit the growth of other microorganisms. Thus caves are potentially valuable places for discovering microorganisms with the potential to produce bioactive substances. Recently, several new species of actinomycetes have been isolated from caves, including a gold mine cave in Korea (Lee et al., 2000a,b; Lee et al., 2001; Lee, 2006a,b,c) , the Reed Flute cave in China (Groth et al., 1999) , the Grotta Dei Cervi cave in Italy (Jurado et al., 2005a ) and a cave occupied by bats in Spain (Jurado et al., 2005b) . These studies confirm that caves may be excellent sources of new organisms that produce novel compounds.
In this study, several selective methods were used for isolation of rare actinomycetes from cave soils in northern Thailand. Taxonomic characterization was done by a combination of genotypic and phenotypic methods in particular 16S rRNA gene sequencing. Phylogenetic analysis provided evidence for the presence of novel taxa. The ability of the isolated actinomycetes to produce antibiotic are also described.
MATERIALS AND METHODS

Selective Isolation of Rare Actinomycetes from Cave Soils
Eight soil samples were collected from the Phatup Cave Forest Park and Phanangkhoi cave in northern Thailand. They were pretreated by dry heat followed by phenol treatment (Hayakawa et al., 1995) and then spread on a selective media containing humic acid-vitamin (HV) agar (Hayakawa & Nonomura, 1987) , humic acid-vitamingellan gum medium (HVG) (Suzuki, 2001 ) and starch casein agar (STC) (Okazaki et al., 1983) . All media contained cycloheximide and nystatin at final concentrations of 10 and 25 mg/ml, respectively. Pure colonies were transferred to Hickey-Tresner (HT) agar slant (Hickey & Tresner, 1952) and used as working stock.
Taxonomic Characterization
The isolated actinomycetes were randomly selected for taxonomic characterization. Spore formation was observed under light microscopy (BH-2, Olympus) and scanning electron microscopy (model JSM-5910, JEOL). The isomers of diaminopimelic acid and whole cell organism sugars were examined using standard procedures (Hasegawa et al., 1983) . Genomic DNA was isolated as described by Hopwood et al., (1985) . The 16S rRNA gene was amplified by PCR using universal primers 27F (5 0 -AGAGTTTGATCMTGGCTCAG-3 0 ) and 1525R (5 0 -AAGGAGGTGWTCCARCC-3 0 ) (Lane, 1991) . PCR products were purified using the QIAquick PCR Purification Kit (Qiagen) and sequenced by Macrogen Inc. (Seoul, Korea). All sequences were compared with all accessible sequences in the database using BLAST software. Multiple sequence alignment and computation of sequence similarity were conducted using Clustal W within the Bioedit program. Phylogenetic trees were constructed using the neighbor-joining method (Saitou & Nei, 1987) in the Molecular Evolutionary Genetics Analysis (MEGA) program version 4 (Tamura et al., 2007) .
Biological Activity
Selected isolates were cultured on ISP-2 broth media at 30 C for 20 days in a shaking incubator. Antibacterial activity was tested by the agar well method (Barry & Thornsberry, 1985) Selected isolates were grown in ISP-2 broth for 20 days with shaking incubation at 30 C. The culture broth was extracted with ethyl acetate. Anti-cancer activities were determined by Sulphorhodamine B (SRB) assay (Skehan et al., 1990) . Doxorubicin and ellipticine were used as positive controls and DMSO as a negative control. Three cancer cell lines, human breast cancer (MCF7), human oral cavity cancer (KB), and human small cell lung cancer (NCI-H187) were used. The maximum concentration of tested samples was 50 mg/ml.
RESULTS AND DISCUSSION
Generic Diversity of Rare Actinomycetes from Phatup Cave Forest Park and Phanangkhoi Cave
A total 377 actinomycetes were isolated from the Cave Forest Park and Phanangkhoi Cave in northern Thailand. They were assigned to two groups (streptomycetes and rare actinomycetes) based on their morphological properties and the isomeric forms of diaminopimelic acid in their wholecell hydrolysates. Two hundred and nine isolates (55.44%) belonged to the genus Streptomyces, based on the formation of spore chains containing more than 20 spores and the presence of cell wall amino acids rich in LL-DAP. The remaining 168 isolates (44.56%) belong to the rare actinomycete group, based on differences in spore formation and the lack of LL-DAP in their cell wall hydrolysates. The distribution of rare actinomycetes in our study was lower than streptomycetes confirming previous reports from various types of soil, and environments such as tropical rainforest, sea-mud and natural caves (Wang et al., 1999; Kim et al., 1998) . The dry heat treatment may reduce the number of heat-labile Streptomyces, thus effectively selecting for more heat resistant rare actinomycetes. From a total of 168 isolates of rare actinomycetes, 50 isolates (29.76%) were assigned to the genus Micromonospora as they formed a single spore at the tip of the sporophore. The remaining 118 isolates belong to other genera.
Two representatives of Micromonospora-like isolates and nine isolates from other genera with distinct colony morphology were randomly selected for detailed taxonomic characterization based on 16S rRNA gene sequence data. All the sequences obtained were submitted to GenBank and compared with all accessible sequences in the NCBI database using BLAST software (Table 1) . Phylogenetic analyses of the 16S rRNA gene sequence of each selected isolates were performed as shown in Figure 1 .
The isolates were affiliated to eight genera in five families; Micromonosporaceae, Streptosporangiaceae, Pseudonocardiaceae, Actinosynnemataceae and Thermomonosporaceae. These results were in line with their assignments based on the morphology and chemotaxonomic data in Table 2 . Isolates PNK404 and PNK464 formed a clade with members of the genus Micromonospora. The highest levels of similarity were found with Micromonospora chersinia DSM44151 T (99.2%) and Micromonospora echinaurantiaca DSM 43816 T (98.8%), respectively. The 16S rDNA sequences of isolates PT702, PT707 and PT708 fell within the evolutionary radiation occupied by the genus Nonomuraea. PT702 and PT708 represented a hitherto unknown sub-line within the genus Nonomuraea though they shared 16S rDNA similarity values of 98.9% and 98.3%, respectively, to Nonomuraea roseola NBRC 14685
T . Higher 16S rDNA similarity values were found with validly described members of Nonomuraea (Nonomuraea dietziae and Nonomuraea recticatena) which shared 99.4% similarity. These results indicate that the isolates PT702 and PT708 may represent a new species. In addition, isolate PT707 was most closely related to Nonomuraea maheshkhaliensis JCM 13929 T (99.4%). Isolate PT725 formed a clade within the genus Actinocorallia with Actinocorallia libanotica IFO14095 T (99.4%) as its closest neighbor. Isolate PNK393 was located in the same clade of the genus Pseudonocardia and showed the highest level of similarity (98.9%) with Pseudonocardia halophobica IMSNU 21327
T . Isolate PNK384 was located in the genus Catellatospora clade and placed adjacent to Catellatospora bangladeshensis DSM 44899 T (97.4% sequence similarity). Isolate PT749 was found to form a clade with members of the genus Saccharothrix and showed a 16S rDNA similarity value of 97.3% with Saccharothrix mutabilis subsp. capreolus DSM 40225
T . Isolate PNK225 formed a phyletic line with members of the genus Microbispora and shared a 97.4% 16S rDNA similarity with Microbispora rosea subsp. rosea IFO14044 T . These low 16S rDNA similarity values suggest that isolates PNK225, PNK384 and PT749 may represent novel species. Isolate PNK470 was located in the same clade of genus Spirillospora and was mostly related to Spirillospora albida IFO 12248
T . The detailed characterization of this strain was published recently (Nakaew et al., 2009) .
Members of the genus Nonomuraea are difficult to identify on the basis of morphology and chemotaxonomy because of the similarity of each genus in the family Streptosporangiaceae (Ara & Kudo, 2007) . Consequently they strongly recommended using 16S rRNA gene sequencing data for identification at genus level. However, this approach was not used in previous actinomycete diversity studies and thus there was no record of this genus until 1999. Wang et al., (1999) evaluated the species diversity in a rainforest in Singapore and found 390 isolates of Nonomuraea from a total of 1796 rare actinomycetes (21.7%). In our study, 3 Nonomuraea sp. strains were found from 9 randomly selected isolates, (33.3%). Also, this is the first recorded isolation of Nonomuraea and Spirillospora from a cave. These results suggest that the Phatup Cave Forest Park and Phanangkhoi cave in northern Thailand are attractive habitats for the isolation of novel taxa.
Biological Activities of Rare Actinomycetes
All selected isolates were assessed for their antibacterial, antifungal and anti-cancer activities (Table 3) . Isolates PNK470 and PT708 require further investigation of their bioactive compounds as they show activities against anticancer and anti Gram-positive bacteria. Furthermore, they belong to the genus Spirillospora and Nonomuraea, respectively. These two genera are infrequently found and hence few reports exist on their potential for antibiotic production. Also, Spirillospora albida has proved to be very difficult to isolate and cultivate due to its very slow growth compared with the majority of soil microorganisms. This may be the reason for its infrequently recorded occurrence since it was first described in 1968. In view of its rarity, screening for its bioactive compounds is an important area for future research. New strains are needed to avoid the rediscovery of old drugs. Our results emphasize our view that caves are an attractive source of new rare actinomycete taxa for bioprospecting. Table 3 
